Introduction
============

Bladder cancer is the fourth most common cancer in males and the 11th most common cancer in females, with 79,030 new cases and 19,870 deaths estimated to occur in the USA in 2017. The incidence and death rates are approximately four times higher in males than females.[@b1-ott-12-1791] Currently, systemic platinum-based chemotherapy (PBCT) is the standard of care for patients with metastatic and locally advanced urothelial carcinoma, with a median overall survival (OS) of \~14 months. However, many patients are either ineligible for or cannot tolerate the toxicities associated with PBCT. Despite advances in treatment and survival over the past 30 years, treatment regimens for metastatic urothelial carcinoma remained relatively unchanged until the emergence of PD-1 and PD-L1 immune checkpoint therapies.[@b2-ott-12-1791]--[@b4-ott-12-1791] Immunotherapy is emerging as a viable salvage treatment for patients in whom first-line chemotherapy did not control the disease. In the past 5 years, the success of immune checkpoint inhibition has led to a resurgence of enthusiasm for immunotherapy as a treatment for solid tumors.[@b5-ott-12-1791] The PD-1 (CD279) receptor and its ligand PD-L1 (CD274, B7-H1) comprise one of the main immune checkpoint pathways that downregulates immune activity.[@b6-ott-12-1791] PD-1 is expressed at high levels on activated T cells, myeloid dendritic cells, B cells, thymocytes, natural killer cells, and monocytes within the tumor microenvironment in many different tumor types.[@b7-ott-12-1791] PD-L1 is widely expressed on a multitude of immune cells (ICs) and might be upregulated on TCs.[@b8-ott-12-1791] Anti-PD-1 and anti-PD-L1 monoclonal antibodies have displayed good activity in several clinical trials of patients with different types of cancer.[@b9-ott-12-1791]--[@b11-ott-12-1791] However, an evidence-based systematic review and summary data for treatment indicators of the safety and efficacy of PD-1/PD-L1 inhibitors as treatments for metastatic bladder carcinoma are not available. Preliminary reports of clinical trials showed a difference in the treatment efficacy of PD-1 and PD-L1 inhibitors in patients with bladder cancer. Results from previous studies must be analyzed to offer evidence-based guidelines for clinicians. This article is a meta-analysis focusing on the further evaluation of the efficacy and safety of anti-PD-1/PD-L1 agents in patients with advanced bladder cancer, and subgroup analyses were also performed to evaluate the efficacy among patients with different PD-L1 expression levels.

Methods
=======

Search strategy
---------------

A literature review of major computerized bibliographic databases, including Medline, Embase, and the Cochrane Library, was conducted using the following comprehensive search terms: "Urinary Bladder Neoplasms \[Mesh\]" OR "Bladder Cancer" OR "metastatic urothelial carcinoma" OR "metastatic bladder cancer" OR "bladder tumor" AND "immunotherapy \[Mesh\]" OR "programmed cell death 1" OR "programmed cell death ligand 1" OR "PD-L1" OR "PD-1" OR "immune checkpoint inhibitor" OR "Atezolizumab" OR "Pembrolizumab" OR "Durvalumab" OR "Nivolumab" OR "Avelumab". Two authors independently screened the studies for eligibility, and disagreements were judicially resolved by a third reviewer.

Selection criteria
------------------

Inclusion articles satisfied the following criteria: 1) single-arm or randomized clinical trials evaluated anti-PD-1/PD-L1 inhibitors as treatments for patients with metastatic bladder cancer; 2) articles with or without reports of PD-L1 expression levels; and 3) data were available for at least one or all the following outcomes: objective response rate (ORR), 1-year OS rate, 1-year progression-free survival (PFS) rate, and rates of all grades of drug-related adverse events (AEs) and grade 3--4 AEs.

Exclusion criteria for articles included letters, editorials, case reports, reviews, and studies that lacked necessary data, were not related to our research topics, or were not clinical trials.

Data extraction
---------------

[Table 1](#t1-ott-12-1791){ref-type="table"} summarizes the baseline characteristics of the patients. Three reviewers independently screened reports and extracted data from the included studies. The following data were collected: first author, publication year, number of patients, study phase, intervention methods, doses of drugs, rates of any grade and grade 3 or higher AEs, ORR, 1-year OS rate, 1-year PFS rate, and age ([Table 1](#t1-ott-12-1791){ref-type="table"}).

Outcome measures
----------------

The outcome measures were ORR, PFS, OS, and AEs. This meta-analysis follows the guidelines provided by the PRISMA report (statement).[@b12-ott-12-1791]

Data analyses
-------------

The data analyses were performed using Computer Program Review Manager 5.3 (The Nordic Cochrane Center, The Cochrane Collaboration, Copenhagen, Denmark) and The R Project for Statistical Computing. Some degree of heterogeneity was expected, and analyses were performed using random-effects models. Safety was assessed by summarizing the risk of any-grade AEs and grade ≥3 AEs. The efficacy of PD-1/PD-L1 inhibitors was evaluated by calculating the overall ORR, pooled 1-year OS rate, and 1-year PFS rate with corresponding 95% CIs. Included patient tumor samples were centrally assessed for PD-L1 expression by immunohistochemistry (IHC). The PD-L1 tumor-infiltrating IC status was defined by the percentage of ICs: IC0 (\<1%), IC1 (≥1% but \<5%), and IC2/3 (≥5%). Considering that Review Manager 5.3 cannot analyze single-rate samples, the frequency rates among studies were determined using The R Project for Statistical Computing. Heterogeneity was assessed using the *χ*^2^ test and *I*^2^ statistics, and we performed subgroup analyses to evaluate heterogeneity. Publication bias was assessed using funnel plots or Egger's funnel plots.

Results
=======

Search results and characteristics of patients in the included studies
----------------------------------------------------------------------

The PRISMA diagram of the study selection process and the reasons for exclusion is shown in [Figure 1](#f1-ott-12-1791){ref-type="fig"}. Our search retrieved 3,552 publications. In all, 2,397 studies were excluded as duplicates and 1,087 were excluded because they did not meet the eligibility criteria in the initial selection. After reviewing the abstracts and full articles, 14 distinct trials were included in our analysis after removing the articles lacking necessary data and those utilizing insufficient followup periods. All studies were published in the last 4 years. Nine trials assessed PD-L1 inhibitors (atezolizumab=5, durvalumab=3, and avelumab=1), and five trials assessed PD-1 inhibitors (pembrolizumab=3 and nivolumab=2). A total of 2,224 patients were included in this analysis ([Figure 1](#f1-ott-12-1791){ref-type="fig"}).

Efficacy outcomes of PD-1/PD-L1 agents
--------------------------------------

### Pooled 1-year OS rate, 1-year PFS rate, and overall ORR

The overall ORR, pooled 1-year OS rate, and 1-year PFS rate were used to measure the efficacy of PD-1/PD-L1 inhibitors in treating metastatic bladder cancer.

In all, 11 trials were used to analyze the ORRs, eight trials were assessed for the 1-year OS rate, and seven trials were used to assess the 1-year PFS rate. The pooled ORR, OS rate, and PFS rate were 0.21 (95% CI 0.18--0.24, *I*^2^=41%, *P*=0.07), 0.48 (95% CI 0.42--0.54, *I*^2^=70%, *P*=0.0013), and 0.20 (95% CI 0.16--0.26, *I*^2^=53.0%, *P*=0.05), respectively ([Figure 2](#f2-ott-12-1791){ref-type="fig"}). We conducted asymmetry tests using Egger's funnel plots to investigate publication bias for the overall ORR. Egger's funnel plots did not reveal evidence of publication bias ([Figure 3](#f3-ott-12-1791){ref-type="fig"}).

### Different PD-L1 expression levels affect the benefits patients receive from anti-PD-1/PD-L1 inhibitors

The ORR of patients with different PD-L1 expression levels was examined in 10 trials. PD-L1 positivity was defined as ≥5% of tumor-infiltrating ICs staining for PD-L1 by IHC. Patients expressing PD-L1 at levels \<5% were included in the negative expression group. The pooled OR of ORRs between the PD-L1-positive and PD-L1-negative expression groups was 3.09 (95% CI 2.01--4.75, *I*^2^=42%, *P*=0.08), indicating a better efficacy in the PD-L1-positive group ([Figure 4](#f4-ott-12-1791){ref-type="fig"}). Based on the outcome, heterogeneity might have affected the results; therefore, a further subgroup analysis was performed to assess if the low-weight studies (3) affected the results. The results of this analysis did not yield any significant differences (2.73 vs 3.09) in the pooled ORR between the included studies with the highest weight (\>5%) and overall studies ([Figure 5](#f5-ott-12-1791){ref-type="fig"}). Thus, PD-1/PD-L1 inhibitors displayed an encouraging survival rate and efficacy.

Safety assessment
-----------------

The overall risks of all-grade AEs and grade ≥3 AEs were calculated to evaluate the safety of PD-1/PD-L1 inhibitors as treatments for bladder cancers. In all, 12 studies were used to determine the pooled rate of all-grade AEs, and the same 12 studies were used to calculate the grade ≥3 AE rate. Considering the heterogeneity between included studies, we used a random-effects model to assess the summarized rate of AEs. The pooled rates of any grade AEs and grade ≥3 AEs were 0.63 (95% CI 0.60--0.65, *I*^2^=11%, *P*=0.34) and 0.14 (95% CI 0.11--0.17, *I*^2^=57%, *P*=0.0072), respectively ([Figures 6](#f6-ott-12-1791){ref-type="fig"} and [7](#f7-ott-12-1791){ref-type="fig"}). An additional funnel plot and Egger's funnel plot asymmetry test of the grade ≥3 AEs rate did not reveal apparent evidence of publication bias ([Figures 8](#f8-ott-12-1791){ref-type="fig"} and [9](#f9-ott-12-1791){ref-type="fig"}). Based on the AE data, PD-1/PD-L1 inhibitors had an acceptable side effect profile and an acceptable safety level.

Discussion
==========

Patients with advanced or metastatic bladder cancer have few treatment choices and low survival rates, particularly after standard PBCT fails. Immunotherapy remains an evolving treatment modality for metastatic bladder cancer. Both the unmet need for second-line therapies for bladder cancer and a resurgence of immunotherapy as a treatment for other solid tumors coincided to spur the use of immunotherapy for bladder cancer. Several types of tumor cells have been shown to evade immune recognition by expressing PD-L1, which represents an emerging antitumor method. Recently, pembrolizumab, a PD-1 inhibitor, has been granted full the US Food and Drug Administration (FDA) approval based on its high antitumor activity, tolerability, and efficacy, as well as its notable prolonged and durable responses in the second-line setting.[@b27-ott-12-1791]

Nivolumab (a PD-1 inhibitor), atezolizumab, durvalumab, and avelumab (PD-L1 inhibitors) have also gained accelerated drug approval in the second-line setting.[@b28-ott-12-1791] The efficacy and safety of each of these PD-1/PD-L1 inhibitors have been examined in well-organized phase I/II/III clinical trials, but data from summary studies are insufficient or lacking. To our knowledge, this study represents the first meta-analysis to systematically investigate the efficacy and AEs of five recently approved and popular PD-1/PD-L1 inhibitors drugs as treatments for metastatic or advanced bladder cancer. In addition, we also reported differences in the treatment effects on patients with distinct PD-L1 expression levels.

Since the development of immunological checkpoints, the field of immunotherapy has dramatically changed the prospects for cancer treatment. The FDA has approved mAbs for immune checkpoint ligands and receptors (such as PD-L1 and PD-1) for the treatment of \>25 cancers.[@b29-ott-12-1791] Our meta-analysis included 14 eligible single-arm and randomized controlled trial (RCT) clinical studies with 2,224 patients. Based on the data of results, the efficacy of PD-1/PD-L1 inhibitors is relatively satisfactory and encouraging, and the results also confirmed that the results of previously published phase I/II/III trials of single PD-1/PD-L1 drugs are clinically significant. However, in order to further develop the biological efficacy of immunotargeting drugs, further research support at the biomolecular level of bladder cancer is essential, especially for the microscopic classification of bladder cancer. This can play a role in selecting the patients most likely to respond to treatment with immunotherapeutic agents. The basal-squamous subtype is characterized by higher incidence in women, squamous differentiation, basal keratin expression, and a high expression of PD-L1. The luminal-infiltrated subtype contained 23 of 24 tumors, which was reported to benefit most from anti-PD-L1 treatment and had an intermediate 5-year survival comparable to basal-squamous and luminal subtypes. These tumors had increased expression of several immune markers, including PD-L1 and PD-1.[@b30-ott-12-1791] Currently, IHC is often used to assess the expression of PD-1/PD-L1. From the data analysis result, high PD-L1 expression levels have been shown to increase the effects of anti-PD-1/PD-L1 treatments, and PD-L1 is the key target of the PD-1/PD-L1 therapy; therefore, we analyzed the ORR between the PD-L1-positive and -negative groups. The pooled OR showed that the PD-L1-positive group experienced an obvious improvement in the ORR compared with the PD-L1-negative group. Based on the heterogeneity shown in the funnel plot, we conducted additional subgroup analyses. After excluding articles with a weight \<5%, we compared the OR for the remaining articles with the original OR. The results showed an acceptable difference between the total included trials and the subgroup analysis, suggesting that in patients with metastatic bladder cancer who are positive for PD-L1, the efficacy of the inhibitors will be better.

Knowledge of the physiological brake function of immune checkpoints has led to the development of PD-1/PD-L1 agents that inhibit these checkpoints and promote T-cell function. This undoubtedly increases the effectiveness of the immune system against tumor cells. However, as a side effect, this produces a series of immune-related AEs. Moreover, we systematically assessed AEs to evaluate the safety of PD-1/PD-L1 inhibitors. The reported treatment-related AEs included decreased appetite, fatigue, nausea, rash, diarrhea, asthenia, stomatitis, anemia, alopecia, and neutropenia.[@b31-ott-12-1791] The overall rate of any-grade AEs was 63%. However, the risk of grade ≥3 AEs only reached 14% in all included patients. The outcomes obtained from the summarized data implied that PD-L1 drugs produce a wide range of AEs that should not be ignored in patients with advanced bladder cancer, although the incidence of advanced AEs (grade \>3) is acceptable. Based on these data, PD-1/PD-L1 inhibitors possess a latent treatment potential for metastatic bladder cancer with an acceptable risk profile.

By scanning the outcome data, we observed moderate heterogeneity in the 14 articles included in the present meta-analysis. Heterogeneity existed in some of the analysis, with *I*^2^ \>50%. Potential sources of this heterogeneity might arise from the use of different doses of PD-1/PD-L1 agents or might be attributed to patients' underlying stable diseases. Therefore, we used random-effect models in our meta-analysis to ensure the objectivity of the results. Meanwhile, we generated Egger's funnel plots to assess publication bias among the included studies. After our critical analysis of Egger's funnel plot, we did not observe publication bias in the studies investigated in the meta-analysis, and therefore, publication bias was not a factor contributing to heterogeneity.

Limitations
===========

Critically, several limitations exist in our systematic analysis. First, because a larger number of RCTs of PD-1/PD-L1 drugs targeting bladder carcinoma have not been conducted, most of the included studies were completed phase I/II/III randomized single-arm trials, and potential performance bias might exist in these studies, which causes some inevitable bias. Second, due to the scarcity of control studies on bladder cancer, the trials included in our meta-analysis lacked data showing comparisons of the PD-1/PD-L1 inhibitors with chemotherapy drugs. In one of our inclusion studies, pembrolizumab resulted in significantly longer OS than the choice of paclitaxel, docetaxel, or vinflunine (10.3 months vs 7.4 months) and was associated with a higher rate of objective response (21.1%--11.4%) and a lower rate of treatment-related AEs (60.9%--90.2%) than chemotherapy.[@b23-ott-12-1791] Although there is almost no direct comparison with chemotherapy or other treatments in our study, included data of RCTs show that our analysis results are relatively consistent with the results of the currently finished RCTs of PD-1/PD-L1 inhibitors to metastatic bladder cancer. In addition to comparing the differences in efficacy between patients with different PD-L1 expression levels, we performed a single-rate meta-analysis to summarize the pooled precise indicators of efficacy and safety of PD-1/PD-L1 drugs and provide statistical references for clinicians. Currently, large-scale clinical trials and RCTs are ongoing in several medical experimental centers worldwide ([Table 2](#t2-ott-12-1791){ref-type="table"}), and we are anxiously awaiting their experimental results to further analyze the outcomes of PD-1/PD-L1 inhibitors in patients with metastatic bladder cancer.

Conclusion
==========

In this meta-analysis, PD-1/PD-L1 immune checkpoint inhibitors showed durable outcomes on clinical efficacy and acceptable safety in patients with advanced and metastatic bladder cancer. Additional data from ongoing RCTs of bladder carcinoma are urgently needed to confirm that PD-1/PD-L1 drugs are tolerable and reliable. These exciting advances will provide further hope and promise to patients with urothelial bladder cancer.
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![(**A**) Forest plot for pooled ORR for patients receiving immune checkpoint inhibitors. (**B**) Forest plot for pooled 1-year OS rate. (**C**) Forest plot for pooled 1-year PFS rate.\
**Abbreviations:** Atz, atezolizumab; Ave, avelumab; Dur, durvalumab; Nivo, nivolumab; ORR, objective response rate; Pem, pembrolizumab; OS, overall survival; PFS, progression-free survival.](ott-12-1791Fig2){#f2-ott-12-1791}

![Asymmetry test using Egger's funnel plots to investigate publication bias for the overall ORR.\
**Abbreviations:** ORR, objective response rate; SE, standard error.](ott-12-1791Fig3){#f3-ott-12-1791}

![Forest plot and funnel plot for ORs of ORR between the PD-L1-positive and PD-L1-negative expression groups.\
**Abbreviations:** Atz, atezolizumab; M--H, Mantel--Haenszel; ORR, objective response rate; Pem, pembrolizumab; SE, standard error.](ott-12-1791Fig4){#f4-ott-12-1791}

![Forest plot for subgroup analysis for ORs of ORR between the included studies with the highest weight (\>5%) and overall studies.\
**Abbreviations:** Atz, atezolizumab; M--H, Mantel--Haenszel; ORR, objective response rate; Pem, pembrolizumab.](ott-12-1791Fig5){#f5-ott-12-1791}

![Forest plot for the pooled rates of any-grade AEs.\
**Abbreviations:** AE, adverse event; Atz, atezolizumab; Pem, pembrolizumab.](ott-12-1791Fig6){#f6-ott-12-1791}

![Forest plot for the pooled rates of grade ≥3 AEs.\
**Abbreviations:** AE, adverse event; Atz, atezolizumab; Pem, pembrolizumab.](ott-12-1791Fig7){#f7-ott-12-1791}

![Funnel plot to investigate publication bias for the grade ≥3 AE rate.\
**Abbreviations:** AE, adverse event; SE, standard error.](ott-12-1791Fig8){#f8-ott-12-1791}

![Asymmetry test using Egger's funnel plots to investigate publication bias for the grade ≥3 AE rate.\
**Abbreviations:** AE, adverse event; SE, standard error.](ott-12-1791Fig9){#f9-ott-12-1791}

###### 

Baseline characteristics and data of included studies using PD-1/PD-L1 inhibitors

  Study                               Year   Journal                                 No.   Phase        Intervention    Dose                   Mean age (range)   Cancer type              All AE rate (%)   3--4 AE rate   ORR (%)   1-year OS rate (%)
  ----------------------------------- ------ --------------------------------------- ----- ------------ --------------- ---------------------- ------------------ ------------------------ ----------------- -------------- --------- --------------------
  Balar et al[@b13-ott-12-1791]       2017   *The Lancet*                            119   phase II     Atezolizumab    1,200 mg IV q3 weeks   73 (51--92)        Metastatic/advanced BC   66                16             23        57
  Rosenberg et al[@b14-ott-12-1791]   2016   *The Lancet*                            310   phase II     Atezolizumab    1,200 mg IV q3 weeks   65 (36--86)        Metastatic/advanced BC   69                16             15        37
  Chen et al[@b15-ott-12-1791]        2014   *Nature*                                205   phase I      Atezolizumab    1,200 mg IV q3 weeks   NR                 Metastatic BC            57.40             4.40           NR        NR
  Loriot et al[@b16-ott-12-1791]      2016   *Annals of Oncology*                    310   phase II     Atezolizumab    1,200 mg IV q3 weeks   66.5 (42--86)      Metastatic/advanced BC   70                16             16        NR
  Powles et al[@b17-ott-12-1791]      2014   *Annals of Oncology*                    65    phase I      Atezolizumab    15 mg/kg IV q3 weeks   66 (32--91)        Metastatic BC            57                4              26        NR
  Powles et al[@b18-ott-12-1791]      2017   *JAMA Oncology*                         191   phase I/II   Durvalumab      10 mg/kg IV q2 weeks   57 (26--82)        Metastatic/advanced BC   60.70             6.80           17.80     55
  Massard et al[@b19-ott-12-1791]     2016   *Journal of Clinical Oncology*          61    phase I/II   Durvalumab      10 mg/kg IV q2 weeks   66.0 (34--81)      Advanced BC              63.90             4.90           31        NR
  Levy et al[@b20-ott-12-1791]        2016   *European Journal of Cancer*            23    phase I/II   Durvalumab      10 mg/kg IV q2 weeks   67.0 (34--88)      Metastatic/advanced BC   50                0              60        44
  Sharma et al[@b21-ott-12-1791]      2016   *The Lancet Oncology*                   78    phase I/II   Nivolumab       3 mg/kg IV q2 weeks    65.5 (31--85)      Metastatic BC            59                22             24.40     46
  Sharma et al[@b22-ott-12-1791]      2017   *The Lancet Oncology*                   265   phase II     Nivolumab       3 mg/kg IV q2 weeks    66 (38--90)        Metastatic BC            64                18             19.60     NR
  Bellmunt et al[@b23-ott-12-1791]    2017   *The New England Journal of Medicine*   270   phase III    Pembrolizumab   200 mg IV q3 weeks     67 (NR)            Advanced BC              60.90             15             21.10     43.90
  Plimack et al[@b24-ott-12-1791]     2017   *The Lancet Oncology*                   25    phase IB     Pembrolizumab   10 mg/kg IV q2 weeks   70 (44--85)        Metastatic/advanced BC   45                15             26        50
  Balar et al[@b25-ott-12-1791]       2017   *The Lancet Oncology*                   265   phase II     Pembrolizumab   200 mg IV q3 weeks     74 (34--94)        Metastatic/advanced BC   62                16             24        NR
  Apolo et al[@b26-ott-12-1791]       2017   *Journal of Clinical Oncology*          37    phase IB     Avelumab        10 mg/kg IV q2 weeks   68 (63--73)        Metastatic BC            65.90             6.80           18.20     54.30

**Abbreviations:** AE, adverse event; BC, bladder cancer; IV, intravenous; NR, not related; ORR, objective response rate; OS, overall survival.

###### 

Ongoing clinical trials and RCTs in locally advanced or metastatic bladder cancer

  Agent           NCT no.   Phase   No. of patients   Arms                                          Patients                                                                 End point     Follow-up   Completion of study
  --------------- --------- ------- ----------------- --------------------------------------------- ------------------------------------------------------------------------ ------------- ----------- ---------------------
  Nivolumab       2632409   III     640               Nivolumab vs placebo                          Bladder or upper urinary tract cancer after radical surgery              DFS           5 years     May 2020
  Atezolizumab    2807636   III     1,200             Atezolizumab ± chemotherapy vs chemotherapy   Locally advanced or metastatic urothelial carcinoma                      PFS, OS, AE   44 months   December 2018
  Pembrolizumab   2256436   III     542               Pembrolizumab vs chemotherapy                 Metastatic/unresectable locally advanced BC                              PFS, OS       30 months   March 2019
  Avelumab        2603432   III     668               Best supportive care ± avelumab               Locally advanced/metastatic urothelial                                   OS            40 months   July 2020
  Durvalumab      2516241   III     74                Durvalumab vs SoC                             Metastatic advanced BC                                                   PFS           50 months   January 2024
  Pembrolizumab   2500121   II      200               Pembrolizumab vs placebo                      Metastatic urothelial cancer after the first-line chemo as maintenance   PFS           6 months    November 2019

**Abbreviations:** AE, adverse event; BC, bladder cancer; DFS, disease-free survival; OS, overall survival; PFS, progression-free survival; RCT, randomized controlled trial; SoC, standard of care.
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